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SUMMARY 

An i n v e s t i g a t i o n  of the  e f f e c t s  of spanwise blowing a p p l i e d  t o  t h e  lower s u r f a c e  
of  a t r a i l i n g - e d g e  f l a p  system on a wing-canard c o n f i g u r a t i o n  has  been conducted i n  
t h e  Langley 4- by 7-Meter Tunnel. The i n v e s t i g a t i o n  s t u d i e d  spanwise-blowing a n g l e s  
of  30°, 45O, and 60° measured from a perpendicular  t o  t h e  body c e n t e r l i n e .  The tes t  
c o n d i t i o n s  covered a range of f ree-s t ream dynamic p r e s s u r e s  up to  50 psf  f o r  t h r u s t  
c o e f f i c i e n t s  up t o  2.1 over  a range of ang le s  of a t t a c k  from -2O t o  26O. Model 
h e i g h t  above t h e  wind tunne l  f l o o r  w a s  v a r i e d  from a height- to-span r a t i o  of 1.70 
down t o  0.20 (a  r e p r e s e n t a t i v e  wheel touchdown h e i g h t ) .  

The r e s u l t s  from t h e  i n v e s t i g a t i o n  ind ica t ed  t h a t  blowing a n g l e s  of 30° and 45O 
i n c r e a s e d  t h e  i n d u c e d - l i f t  increment  produced by spanwise blowing on t h e  lower sur -  
f a c e  of a t r a i l i n g - e d g e  f l a p  system. Increas ing  t h e  blowing a n g l e  to  60°,  i n  
g e n e r a l ,  produced l i t t l e  f u r t h e r  improvement. 

INTRODUCTION 

The runway f i e l d  l e n g t h  r equ i r ed  for current- technology high-performance air-  
craf t  is  g e n e r a l l y  l i m i t e d  by t h e  landing  ground r o l l  d i s t a n c e  rather than  take-off  
d i s t a n c e  because t h e  h igh  i n s t a l l e d  t h r u s t  of the a i r c r a f t  p rovides  f o r  take-off  
performance f a r  i n  excess  of landing  performance. Various methods have been i n v e s t i -  
g a t e d  t o  t a k e  advantage of t h i s  t h r u s t  t o  reduce landing  d i s t a n c e  by t h e  use of 
rhrust- induced l i f t  ( r e s u l t i n g  i n  l o w e r  approach speeds)  and by t h e  use of t h r u s t  
r e v e r s i n g  t o  provide  g r e a t e r  d e c e l e r a t i o n  once t h e  a i r c r a f t  is  on t h e  runway. These 
methods have m e t  w i th  va r ious  degrees  of success ,  depending on t h e  e f f e c t i v e n e s s  of 
t h e  particular concept  i n  producing h igh  l i f t  znd t h e  complexity c?f i c t m l l y  pro- 
ducing and main ta in ing  t h e  p h y s i c a l  hardware involved. One promising concept  which 
i s  s u c c e s s f u l  a t  gene ra t ing  h igh  induced l i f t ,  and which appears  t o  be r e l a t i v e l y  
s imple to  implement on an o p e r a t i o n a l  a i rcraf t ,  is t h e  use of spanwise blowing on t h e  
t r a i l i n g  edge of a f l a p  system ( r e f .  1 ) .  This  concept  a l lows  a l l  o r  p a r t  of t he  
engine exhaus t  to  be d i r e c t e d  i n  t h e  spanwise d i r e c t i o n  by use of a secondary nozz le  
on t h e  s i d e  of a n  engine  n a c e l l e .  This spanwise f l o w  mixes wi th  and is turned  chord- 
w i s e  by t h e  f ree-s t ream flow; it i s  then de f l ec t ed  down by the  t r a i l i n g - e d g e  f l a p  
system. The r e s u l t i n g  inc reased  downwash genera tes  induced l i f t  i n  a manner similar 
t o  an e x t e r n a l l y  blown f l a p ,  b u t  wi thout  t he  complexity of having t h e  engines  l o c a t e d  
under t h e  wing as i n ,  f o r  example, t he  YC-15 STOL t r a n s p o r t  concept.  

A p rev ious  i n v e s t i g a t i o n  ( r e f .  1 )  t e s t e d  spanwise-blowing ang le s ,  measured from 
a pe rpend icu la r  t o  the  body c e n t e r l i n e ,  of -30°, Oo, and 30° (i .e. ,  Oo w a s  perpendic-  
u l a r  t o  t h e  body c e n t e r l i n e ) .  The d a t a  of re ference  1 showed t h a t  t h e  h i g h e s t  l i f t  
increments  occurred  when the  chordwise ang le  of t h e  secondary f l o w  ( t h a t  which blows 
under t h e  f l a p )  w a s  d i r e c t e d  rearward p a r a l l e l  t o  the  f l a p  hinge l i n e .  A t  t h a t  blow- 
i n g  ang le  some of t h e  flow w a s  no t  tu rned  by the f l a p ,  and it w a s  t h e r e f o r e  proposed 
t h a t  s t i l l  h ighe r  l i f t  increments  could be obtained f o r  blowing ang le s  d i r e c t e d  even 
more rearward. 

The p r e s e n t  i n v e s t i g a t i o n  w a s  conducted i n  t h e  Langley 4- by 7-Meter Tunnel w i th  
t h e  model of r e f e r e n c e  1 .  The spanwise-blowing nozz le s  were tested a t  an ang le  of  
30° ( t o  repeat t h e  d a t a  of r e f .  1 ) and a t  two a d d i t i o n a l  ang le s  of 45O and 60°. 



T h r u s t  c o e f f i c i e n t s  up t o  2.1 w e r e  s t u d i e d ,  and t h e  model w a s  t e s t e d  i n  t h e  approach 1 
and landing  c o n f i g u r a t i o n  both i n  and o u t  of ground e f fec t .  The range of free-stream ~ 

dynamic p r e s s u r e s  w a s  0 to  50 psf. 

SYMBOLS 

A l l  da ta  have been reduced to  c o e f f i c i e n t  form and are p r e s e n t e d  i n  t h e  
s t a b i l i t y - a x i s  system. Symbols i n  p a r e n t h e s e s  are used on t h e  computer-generated 
f i g u r e s .  
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d r a g  c o e f f i c i e n t ,  CA cos a + s i n  a 

thrust-removed d r a g  c o e f f i c i e n t ,  

l i f t  c o e f f i c i e n t ,  
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inboard/outboard-f lap d e f l e c t i o n  6f,in/6f,out, positive €or  
t r a i l i n g  edge down, deg (e.g. ,  4So/26O s i g n i f i e s  an inboard- f lap  
d e f l e c t i o n  of 45O and a n  outboard-f lap d e f l e c t i o n  of 26O) 

cascade vec to r  (spanwise-blowing) angle ,  p o s i t i v e  f o r  o u t e r  edge 
a f t ,  deg (Oo is  perpendicular  t o  t h e  body c e n t e r l i n e )  

ba lance  measurement 

f lowing ta re  

inboard  

outboard 

pressure tare 

s t a t i c  d a t a  

f u s e l a g e  s t a t i o n ,  i n .  

wa te r l ine ,  i n .  

MODEL DESCRIPTION 

The tes ts  were conducted on the  wing-canard model of r e f e r e n c e  1 equipped w i t h  
new secondary cascade (spanwise-blowing) nozzles.  The cascade nozz les  are shown i n  
f i g u r e  1 and w e r e  designed t o  be similar t o  the  " a l t e r n a t e "  nozz les  of r e fe rence  1 ,  
b u t  wi th  cascade vec to r  ang le s  of 30°, 45O, and 60°. The cascade nozz les  pro t ruded  
s l i g h t l y  from t h e  n a c e l l e  s i d e ,  as shown i n  f i g u r e  l ( b ) .  The main exhaus t  nozz le  w a s  
a two-dimensional des ign  vec tored  4 5 O  down and was used throughout  t h e  test. The 
ra t io  of t he  cascade-nozzle area t o  the  main-exhaust-nozzle area w a s  0.60. S ince  t h e  
f low w a s  assumed t o  be choked, t h e  flow s p l i t  according t o  t h e  area. High-pressure 
a i r  used t o  s imula t e  j e t  flow w a s  rou ted  i n t o  the  model through the  s t i n g  suppor t  
system. The t r a i l i n g - e d g e  f l a p  system w a s  comprised of independent  inboard and out- 
board s e c t i o n s .  The f l a p  d e f l e c t i o n s  6, are denoted as t h e  inboard  d e f l e c t i o n  ove r  
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I t h e  outboard d e f l e c t i o n  ( i .e. ,  6f , in/  6 Complete d e t a i l s  of t h e  model are I 

a v a i l a b l e  i n  r e f e r e n c e  1. 

TEST CONDITIONS I 
The i n v e s t i g a t i o n  w a s  conducted i n  t h e  Langley 4- by 7-Meter Tunnel. The t u n n e l  1 

w a s  u t i l i z e d  i n  t h e  closed-test-section mode. The free-s t ream dynamic pressure w a s  
varied from 0 ( s t a t i c )  t o  50 p s f .  The angle-of-at tack range w a s  from -2O t o  26O. 
S i d e s l i p  angle was he ld  c o n s t a n t  a t  Oo. T h r u s t  c o e f f i c i e n t  w a s  v a r i e d  from 0 t o  2.1. 
For ground-effect  s t u d i e s  t h e  r a t i o  of model h e i g h t  t o  winq span h/h w a s  varied 
f r o m  t u n n e i  c e n t e r i i n e  ('nib = i.7Gj t o  a nominai wheei touchdown h e i g h t  i h r i  = 0.2Oj. 

To be a b l e  t o  d i s t i n g u i s h  between t h e  d i r e c t - t h r u s t  e f f e c t s  and t h e  t h r u s t -  I 
induced e f f e c t s ,  a s t a t i c  (9, = 0)  t h r u s t  c a l i b r a t i o n  was performed prior to  t h e  I 

wind-on (q,> 0 )  tests. The c a l i b r a t i o n  w a s  conducted as w a s  done i n  r e f e r e n c e  1 .  I 

i PRESENTATION OF RESULTS 

The r e s u l t s  of t h e  i n v e s t i g a t i o n  are p r e s e n t e d  i n  t h r e e  s e c t i o n s ,  cor responding  , 
t o  t h e  grouping of t h e  d a t a  obtained.  Where appropriate, each f i g u r e  is  d i v i d e d  i n t o  1 
t w o  parts: p a r t  ( a )  p r e s e n t s  t h e  o v e r a l l  c o n f i g u r a t i o n  aerodynamic c h a r a c t e r i s t i c s  
and par t  (b )  p r e s e n t s  t h e  thrust-removed aerodynamic c h a r a c t e r i s t i c s  ( re f .  1 ) .  The , 
data obtained i n  t h i s  i n v e s t i g a t i o n  are grouped as fol lows:  I 

Figures  

The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  a t  v a r i o u s  
a n g l e s  of a t t a c k  f o r  fou r  s e l e c t e d  t h r u s t  c o e f f i c i e n t s  
(C, = 0, 0.19, 0.60, and 1.07) ......................................... 2 t o  25 

The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  a t  v a r i o u s  
t h r u s t  c o e f f i c i e n t s  f o r  t h r e e  s e l e c t e d  a n g l e s  of a t t a c k  
( a  = 8 O ,  12O, and 16O) ................................................. 26 t o  43 

The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  a t  v a r i o u s  
nondimensional h e i g h t s  above t h e  f l o o r  (h /b )  a t  t h e  approach 
angle  of a t t a c k  ( a  = 14O) t o  determine ground-induced changes .......... 44 t o  67  

For each group of f i g u r e s ,  d a t a  are p r e s e n t e d  f o r  t h e  c o n f i g u r a t i o n  wi th  each of t h e  
t h r e e  spanwise-blowing a n g l e s  (30° ,  45O, and 6 0 ° )  and wi th  each of t h e  t h r e e  combina- 
t i o n s  of f l a p  d e f l e c t i o n  a n g l e  (260/2601 450/2601 and 45O/45O). 

DISCUSSION OF RESULTS 

E f f e c t  of Angle of Attack on Longi tudina l  Aerodynamic C h a r a c t e r i s t i c s  

The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  as a f u n c t i o n  of a n g l e  of a t t a c k  
are presented i n  f i g u r e s  2 t o  25. The power-off d a t a  of f i g u r e  2 show no e f f e c t s  
a t t r i b u t a b l e  to  t h e  cascade v e c t o r  ang le ;  t h i s  r e s u l t  w a s  expected s i n c e  t h e  cascade 
v e c t o r  angle  had only  a s m a l l  e f f e c t  on t h e  e x t e r n a l  geometry. The changes i n  p o w e r -  
off  l o n g i t u d i n a l  c h a r a c t e r i s t i c s  due t o  f l a p  d e f l e c t i o n  (shown i n  f i g .  1 4 )  w e r e  i n -  
d i c a t i v e  of t r a i l i n g - e d g e  separation f o r  6, > 26O/26O. Trai l ing-edge separation is  

4 



I c h a r a c t e r i z e d  by lift losses (or n e g l i g i b l e  i n c r e a s e s )  accompanied by nose-up 
j pitching-moment changes as f l a p  d e f l e c t i o n  angle  (or  a n g l e  of a t t a c k )  i s  i n c r e a s e d .  

creased compared w i t h  t h e  power-off conf igura t ion  ( i .e. ,  l i f t  i n c r e a s e d ,  p i t c h i n g  
moment became more nose down, and d r a g  s h i f t e d  toward t h e  n e g a t i v e ) .  When % w a s  
i n c r e a s e d  f r o m  30° t o  45O, t h e  lift i n c r e a s e d  and nose-down pitching-moment i n c r e a s e s  
occurred fo r  t h e  c o n f i g u r a t i o n  w i t h  N o  a d d i t i o n a l  b e n e f i t  w a s  real- 6f = 26O/26'. 

5 



a l though the re  was much h igher  d r a g  which r e s u l t e d  i n  lower L/D. The i n e f f e c t i v e -  , 
ness  of t h e  4So/26O f l a p  s e t t i n g  appeared t o  be p r i m a r i l y  due to  i n t e r f e r e n c e  i n  t h e  1 
reg ion  of the spanwise segmentat ion of t h e  inboard and outboard f l a p s ;  for  
df = 450/2601 t h a t  i n t e r f e r e n c e  caused a d d i t i o n a l  s e p a r a t i o n  and v e n t i n g  of t h e  
undersurface of t h e  wing as w a s  shown i n  r e f e r e n c e  1 .  I n  a l l  cases, i n c r e a s i n g  f l a p  
d e f l e c t i o n  r e s u l t e d  i n  an i n c r e a s e  i n  drag. I 

E f f e c t  of T h r u s t  C o e f f i c i e n t  on Longi tudina l  Aerodynamic C h a r a c t e r i s t i c s  

I LUllr~.-L",' Gf el.....** - - r rFF:  I: 
L l l l  ua L b"GL L L b L e i l t  

The l m g i t u d i n a l  ae rdynamic  characteristics as a C i i n - C i m n  

are presented  i n  f i g u r e s  26 t o  43. I n  a l l  cases t h e  a d d i t i o n  of t h r u s t  and t h e  sub- 
sequent  i n c r e a s e  i n  t h r u s t  c o e f f i c i e n t  r e s u l t e d  i n  a n  i n c r e a s e  i n  c o n f i g u r a t i o n  
l i f t ,  a decrease i n  overall drag,  and a n  i n c r e a s e  i n  nose-down p i t c h i n g  moment. For , 
w e r e  p r i m a r i l y  due to d i r e c t - t h r u s t  components r e s u l t i n g  from t h e  j e t  be ing  turned  , 
downward by t h e  f l a p .  A t  t h e  lower t h r u s t  c o e f f i c i e n t s  t h e s e  changes were predom- 

e f f e c t s  were p r e s e n t .  I t  is shown i n  t h e  thrust-removed data t h a t  a t  lower t h r u s t  , 
c o e f f i c i e n t s  the incrementa l  l i f t  i n c r e a s e s  w e r e  predominant and t h a t ,  i n  some cases 
a t  very  high t h r u s t  c o e f f i c i e n t s  (C,, > 0.801, t h e r e  w e r e  a c t u a l l y  small incrementa l  I 
l i f t  losses. These r e s u l t s  i n d i c a t e  t h a t  t h e  l i f t  enhancement p o t e n t i a l  of t h i s  1 

concept  is  much greater a t  lower va lues  of t h r u s t ,  c o n s i d e r i n g  t h e  amount of t h r u s t  
r e q u i r e d  t o  o b t a i n  a given l i f t  increment. I 

C,, 

t h r u s t  c o e f f i c i e n t s  greater than  0.60, t h e  changes i n  aerodynamic c h a r a c t e r i s t i c s  I 

i n a n t l y  due to thrust- induced effects, a l though a t  each t h r u s t  c o e f f i c i e n t  bo th  I 

T h i s  spanwise-blowing concept  is  s e n s i t i v e  t o  t h e  combination of f l ap  d e f l e c t i o n  
and spanwise-blowing a n g l e  as w e l l  as t o  t h r u s t  level. A s  mentioned p r e v i o u s l y ,  t h e  
l a r g e s t  l i f t  increments  w e r e  r e a l i z e d  a t  moderate t h r u s t  c o e f f i c i e n t s  (C = 0.40)  and 
were predominantly due to  thrust- induced e f f e c t s .  T h i s  would have been t h e  c o n d i t i o n  
f o r  which t h e  largest  area on t h e  f l a p  s e c t i o n s  w a s  affected w i t h  j u s t  enough f l o w  t o  
g e n e r a t e  induced l i f t  w i t h o u t  s i g n i f i c a n t  t h r u s t  d e f l e c t i o n .  F u r t h e r  g a i n s  i n  l i f t  
become i n c r e a s i n g l y  c o s t l y  i n  terms of t h r u s t ,  and t h e  a i r c r a f t  becomes imposs ib le  t o  
t r i m  or t o  c o n t r o l  wi th  even t h e  m o s t  powerful aerodynamic c o n t r o l s ,  r e q u i r i n g  t h a t  
some a d d i t i o n a l  c o n t r o l  mechanism be provided. 

,, 

E f f e c t  of  Model Height on Longi tudina l  Aerodynamic C h a r a c t e r i s t i c s  

The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  as a f u n c t i o n  of model h e i g h t  are 
p r e s e n t e d  i n  f i g u r e s  44 t o  67. A l l  ground-effect  cases w e r e  run a t  a s imula ted  
approach angle of a t t a c k  of 14O. The data show l i t t l e  e f f e c t  u n t i l  t h e  model h e i g h t  
w a s  less than a semispan above t h e  t u n n e l  floor (i.e.,  h/b < 0 . 5 ) .  Even below 
h/b = 0.5 t h e  l i f t  i n c r e a s e s  because of ground e f f e c t  w e r e  f a i r l y  small, t h e  g r e a t -  
e s t  be ing  approximately 0.1 for C,, = 0 and 6, = 45O/4So. I n  some cases (e.g., 
6f = 45'/45O, 
because of t h e  j e t  s h e e t  be ing  c o n s t r a i n e d  by t h e  f l o o r  r e s u l t i n g  i n  decreased j e t  
d e f l e c t i o n  angle .  L i k e w i s e ,  changes i n  drag  and pitching-moment c o e f f i c i e n t  because 
of ground e f fec t  w e r e  a lso f a i r l y  small. 

Ac = 60° ,  and C,, = 1 . 0 7 ) ,  t h e r e  were l i f t  losses and d r a g  decreases 

The da ta  show tha t  m o s t  c o n f i g u r a t i o n s  b e n e f i t t e d  from ground e f f e c t ,  a l though 
the magnitudes were s m a l l .  The c o n f i g u r a t i o n s  which exper ienced  lift loss i n  ground 
e f f e c t  were those  which were o p e r a t i n g  a t  h igh  t h r u s t  c o e f f i c i e n t s  (C,, = 1.071, a t  
h igh  blowing a n g l e s  ( A c  = 60° 1,  and a t  l a r g e  f l a p  d e f l e c t i o n s  ( (Sf = 4S0/450 
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SUMMARY O F  RESULTS 
<Gt J0&&~;?>~ 

A wind t u n n e l  test  has  been condubce&od m & e p t  of spanwise blowing on t h e  
t r a i l i n g - e d g e  f l a p  system of a wing-canard conf igura t ion .  This  i n v e s t i g a t i o n  w a s  an 
ex tens ion  of earlier work and w a s  conducted t o  s tudy  t h e  e f f e c t  of i nc reased  rearward 
d e f l e c t i o n  of t h e  spanwise-blowing j e t .  The r e s u l t s  of t h e  tes t  are summarized as 
follows : 

1. Spanwise-blowing a n g l e s  (cascade  vector a n g l e s )  of 30° and 45O produced t h e  
l a r g e s t  l i f t  increments .  For a blowing ang le  of 60°, t h e  l i f t  increments  were, f o r  
t h e  m o s t  part ,  small compared wi th  those  of the lower angles ;  i n  some cases, the  l i f t  
remained t h e  same o r  decreased  when blowing angle w a s  i nc reased  t o  60°. 

2. The l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of c o n f i g u r a t i o n s  wi th  spanwise 
segmented f l a p s  ( inboard/outboard d e f l e c t i o n  of 4So/26O) were g e n e r a l l y  worse than  
t h o s e  of c o n f i g u r a t i o n s  wi th  fu l l - span  f l a p s  ( d e f l e c t i o n s  of 26O/26O o r  45O/4So). 

3. I n  gene ra l ,  those  c o n f i g u r a t i o n s  with lower t h r u s t  c o e f f i c i e n t s  (~0.60) had 
much b e t t e r  th rus t - induced  aerodynamic c h a r a c t e r i s t i c s ,  whereas the  c o n f i g u r a t i o n s  
wi th  h ighe r  t h r u s t  c o e f f i c i e n t s  0 0 . 6 0 )  w e r e  dominated by d i r e c t - t h r u s t  e f f e c t s .  

i 
I ' f o r  c o n f i g u r a t i o n s  i n  ground e f f e c t .  

4. Most of t he  c o n f i g u r a t i o n s  t e s t e d  b e n e f i t t e d  from ground e f f e c t ,  a l though a l l  
aerodynamic c o e f f i c i e n t  increments  were reduced wi th  i n c r e a s i n g  t h r u s t  c o e f f i c i e n t  

5. L i f t  b e n e f i t s  w e r e  b e t t e r  a t  moderate t h r u s t  c o e f f i c i e n t s  both i n  and o u t  of 
ground e f f e c t .  

NASA Langley Research Center  
I Hampton, V i r g i n i a  23665-5225 

1 November 19, 1986 
1 
1 REFERENCE 

I 1. Paulson, John W., Jr.; Quinto, P. Frank; and Banks, Danie l  W.: I n v e s t i g a t i o n  o f  
Trail ing-Edge-Flap Spanwise-Blowing Concepts on an Advanced F i g h t e r  
Conf igura t ion .  NASA TP-2250, 1984. I 
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(b) Location of cascades  under t r a i l i ng -edge  f l a p  system. 

F igure  1 .- Continued. 
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( a )  Thrus t  included. 

.gure 26.- E f f e c t  of cascade vector angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  v a r i o u s  t h r u s t  c o e f f i c i e n t s  w i t h  a = €io and 
6, = 26O/26". 
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(b) T h r u s t  removed. 

Figure  26.- Concluded. 
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( a )  T h r u s t  included. 

lure 27.- E f f e c t  of cascade vector angle  on long i tud ina l  aerodynamic 
characteristics a t  various t h r u s t  coeff ic ients  w i t h  a = 1 2 O  and 
6f = 26O/26O. 
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(b) Thrust removed. 

Figure 27.-  Concluded. 



( a )  Thrus t  included. 

F igure  28.- E f f e c t  of cascade v e c t o r  angle  on l o n q i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  w i th  a = 1 6 O  and 
Sf = 26'126'. 
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(b) Thrust removed. 

Figure 28.- Concluded. 
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( a )  Thrus t  included. 

F igu re  29.- E f f e c t  of cascade vec to r  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  w i th  a = 8 O  and 
5f = 4So/25O.  
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(b) Thrust removed. 

Figure 29.- Concluded. 
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( a )  Thrus t  included. 

F igu re  30.- E f f e c t  of cascade vec to r  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  w i th  (x = 12' and 
6f = 450/260t 
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(b) Thrus t  removed. 

F igure  30.- Concluded. 
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( a )  Thrus t  included. 

F igure  31.- E f f e c t  of cascade vector angle  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  wi th  a = 16' and 
6f = 45'/26'. 
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(b) Thrust removed. 

Figure 3 1 . -  Concluded. 



( a )  Thrust  included. 

F igure  32.- E f f e c t  of cascade vec tor  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  var ious  t h r u s t  c o e f f i c i e n t s  wi th  a = 8 O  and 
6, = 4 5 Q / 4 5 Q .  
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(b) Thrust removed. 

Figure 32 . -  Concluded. 
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( a )  Thrus t  included. 

F igure  33. -  E f f e c t  of cascade vec to r  angle  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  w i th  a = 1 2 O  and 
df = 450/450. 
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(b) Thrust removed. 

Figure 33. -  Concluded. 
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( a )  Thrust  included. 

F igure  34.- E f f e c t  of cascade vec to r  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  with a = 16' and 
6, = 450/450. 
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(b) Thrust removed. 

Figure 34.- Concluded. 
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( a )  T h r u s t  included. 

Figure 35.- E f f e c t  of f lap  d e f l e c t i o n  angle  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  v a r i o u s  t h r u s t  c o e f f i c i e n t s  w i t h  a = 8 O  and 
% = 30°. 
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(b) Thrust removed. 

Figure 35.-  Concluded. 
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( a )  T h r u s t  included. 

F igure  36.- E f f e c t  of f l ap  d e f l e c t i o n  angle  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  v a r i o u s  t h r u s t  c o e f f i c i e n t s  w i t h  a = 1 2 O  and 
Ac = 30°. 
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(a) Thrust included. 

Figure 37.- Effect of flap deflection angle on longitudinal aerodynamic 
characteristics at various thrust coefficients with a = 1 6 O  and 
ik = 3 6 O .  
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(b) Thrust  removed. 

Figure 3 7 . -  Concluded. 
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(a) Thrust included. 

Figure 38.- Effect of flap deflection angle on longitudinal aerodynamic 
characteristics at various thrust coefficients with a = 8 O  and 

= 45O. 

77 



2 

1 

I 

1 

I 

C D T B I  

CT 

78 

CT 

(b) Thrust removed. 

Figure 38.- Concluded. 
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( a )  Thrus t  included. 

F igu re  39 .- E f f e c t  of f l ap  d e f l e c t i o n  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  w i th  a = 1 2 O  and 
Ac = 450. 

79 



Y.0 

9 .S 

3 .O 

J .'I .b .I .1 .f .6 .\ .b .: I!, I ! ,  ,!, I ?  ,!v , Is  I!, ,I7 I!* I!, z ! o  A A 
CT 

(b) Thrust removed. 

Figure 39.-  Concluded. 
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( a )  Thrus t  included. 
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Figure  40.- E f f e c t  of f l a p  d e f l e c t i o n  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  w i t h  a = 1 6 O  and 

= 450. 
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(b) Thrust removed. 

Figure 40.- Concluded. 
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( a )  Thrust  included. 

F igure  41.- E f f e c t  of f l a p  d e f l e c t i o n  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  t h r u s t  c o e f f i c i e n t s  w i th  a = 8 O  and 

= 600. 
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(b) Thrust removed. 

Figure 41 .- Concluded. 
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(a) Thrust included. 

Figure 42.- Effect of flap deflection angle on longitudinal aerodynamic 
characteristics at various thrust coefficients with a = 12 '  and 
1% = 60'. 
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(b) Thrust removed. 

Figure 42 . -  Concluded. 
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(a) Thrust included. 

Figure 43.- Effect of flap deflection angle on longitudinal aerodynamic 
characteristics at various thrust coefficients with u = 1 6 O  and 
.% = 60°. 
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(b) Thrust removed. 

Figure 43 . -  Concluded. 
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Figure 44.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C = 0, 
6f = 2 6 O / 2 6 O ,  and P u = 1 4 O .  
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Figure 45.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C = 0.19, 
hf = 26O/26O, and a = 1 4 O .  u 
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Figure 46.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C = 0.60, 
6f = 26O/26O, and a = 1 4 O .  P 
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Figure 47.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C = 1-07, 
6f = 26O/26O, and a = 14O. P 
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Figure 48.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C = 0, 
6, = 45O/26O, and u a = 14O. 
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Figure 49.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with c p  = 0.19,  
6f = 450/2601 and a = 14O. 
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Figure 50.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C,, = 0.60, 
6f = 45’/26O, and a = 1 4 O .  
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Figure 51.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with 
6f = 4So/26O, and a = 1 4 O .  

C p  = 1.07, 
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Figure 52.- Effect  of cascade vector angle on long i tud ina l  aerodynamic 
c h a r a c t e r i s t i c s  a t  various model he ights  with 
gf = 45O/45O, and a = 14O. 

c p  = 0, 
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Figure 53.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C = 0.19, 
hf = 4So/4S0, and a = 1 4 O .  lJ 
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Figure 54.- Effect of cascade vector angle on longitudinal aerodynamic 
characteristics at various model heights with C = 0.60, 
6f = 4S0/4So, and IJ a = 14O. 
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Figure 55.- E f f e c t  of cascade  v e c t o r  a n g l e  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  v a r i o u s  model h e i g h t s  w i th  C = 1.07, 
df = 4S0/45O, and u a = 14O. 
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Figure 56.- Effect of flap deflection angle on longitudinal aerodynamic 
characteristics at various model heights with 
and a = 1 4 O .  

C,, = 0, $ = 30°, 

101 



CY 

CD 

CL 

Figure 57.- E f f e c t  of f l ap  d e f l e c t i o n  a n g l e  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  v a r i o u s  model h e i g h t s  w i t h  C = 0.19, $ = 3 0 ° ,  
and a = 1 4 O .  u 
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Figure  58.- E f fec t  of f l a p  d e f l e c t i o n  angle on l o n g i t u d i n a l  aerodynamic 
= 30°, c h a r a c t e r i s t i c s  a t  va r ious  model h e i g h t s  w i th  

and a = 1 4 O .  
C,, = 0.60, 
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Figure 59.- Effect of flap deflection angle on longitudinal aerodynamic 
$ = 30°, characteristics at various model heights with 

and a = 1 4 O .  
Cv = 1.07, 
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Figure  60.- E f f e c t  of f l ap  d e f l e c t i o n  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  model he igh t s  w i th  cp = 0, = 450, 
and a = 14O. 
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Figure 61 .- E f f e c t  of f l a p  d e f l e c t i o n  angle  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  va r ious  model h e i g h t s  w i th  C = 0.19, $ = 45O, 
and a = 1 4 O .  P 
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Figure  62.- E f f e c t  of f l a p  d e f l e c t i o n  angle on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  a t  v a r i o u s  model h e i g h t s  w i th  C = 0.60, $ = 45O, 
and a = 14O.  LJ 
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Figure 63. -  E f f e c t  of f l a p  d e f l e c t i o n  ang le  on l o n g i t u d i n a l  aerodynamic 
= 1.07, $ = 45O, c h a r a c t e r i s t i c s  a t  va r ious  model h e i g h t s  w i th  

and a = 14O.  
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Figure 64.- Effect of flap deflection angle on longitudinal aerodynamic 
characteristics at various model heights with C = 0, = 6 0 ° ,  
and a = 1 4 O .  IJ 
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Figure 65.- Effect of flap deflection angle on longitudinal aerodynamic 
% = 60°, characteristics at various model heights with 

and a = 1 4 O .  
Cp = 0.19, 
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Figure 66.- E f f e c t  of f l a p  d e f l e c t i o n  angle on longi tudinal  aerodynamic 
c h a r a c t e r i s t i c s  a t  various model he ights  with  C = 0.60, = 6 0 ° ,  
and a = 1 4 O .  P 
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Figure 67.- E f f e c t  of f l a p  d e f l e c t i o n  ang le  on l o n g i t u d i n a l  aerodynamic 
% = 60°, c h a r a c t e r i s t i c s  a t  va r ious  model h e i g h t s  wi th  

and a = 1 4 O .  
C,, = 1.07, 
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